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ItisⅥ7idelyknownthatacetylcholine（ÅCh）playsimportantrolesinthecentralnervous
SyStem（CNS）asweilasin somatic andautonomic王ⅥOtOr neurOnS．Theonsetofstudieson buman
braincholinerglCSyStemSaS an
1980s，WbeilneurOnlossⅥ7ithiII
The contributions ofAChin the
tecbniques，includingcholine棺1C
tration，ahigh－per女）rmanCeliquid
essentialcomponentねrlearnlngndmemory dates backto the
CbolinerglC SyStemS WaS女）undinp tients ofAizheimer，sd s ase．
CNS to memoryprocesseshave beeninvestigatedwith several
neurq／immuno－tOXinadm istration，Choline瑠icligandadm nis－
Chromatography（HPLC）tec壬1nique，andanimmunobistochemical
technique・Brain tissuelesiont dihaveshownthat thehippocampal良）rmationhascrucialroles
invarious cognitive氏1nCtions・Accordingly，themaJOrlty Of researchon cholinergic氏1nCtionshas
払cusedon the hippocampalcholinerglCSyStem・Recents udies reg訂ding consciousness and
attentionalprocesseshave，howeveちfocusedonthebrain ste汀ゝCholinerglC SyStem，aSitsascending
proJeCtionsare believedto beinvolvedinconscious awareness・Moreoveちtbestria alcholinerglC
SyStemhasalsodrawninterest becauseofthedensestdistributioninthebrain・‡nthepresent
revie呵thebraincholinergicfun tionsincludingrece thypothesesconcernlng Cholinergic如nctions
inlearnlngand memoryprocesses areintroduced．
臨ey woぎds：ACh，aCetylcholine，CholinerglCSyStem，Striatum，hippocampus，1earnlng，memOry
坤ど♂J曲〝gダαg顔招どょわ招好■あダ・〝あcゐ♂肋♂感c
即／方お椚ざ
Acetylcholine（ACb）isthe firstcilemical
substancetobeident誠edas aneurot】二anSmitte】二It
如nctionsa aneurotransmitterinhemyoneural
junction，paraSympatheticganglia，and central
nervous system．Itis synthesized Ⅵrithin cyto－
plasmsfromitsantecedents，Choline and acetyl
CoA，andstoredin synaptic vesiclesinthe ze of
30to40nm numerous ofⅥrhichareinthenerve
terminals．Inneuronalactivation，afew thousands
OfACh are released缶omterminalsas aquantum
thatserves as aminimu．m unitfortbechemical
transmission．AChreleasedfromterminalsbind
postsynaptlC reCeptOrS．ACh alsobindtopresynap－
ticreceptors，prOCeSS Of which血nctionsas apart
Of negativefeedbackcircuit女）r ACb release．
Acetylchoiinesterase（ACbE）decomposesAChinto
cboline and acetic acid．Cholinestaken to
terminalsnd re－uSedas ACh’santecedent．
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Tbe anatomyof t壬IeCboli王1ergまC SySte汀1Sis
Summarizedby Dekke王1Connor ＆Thal（1991）．
Mammaユiancholi‡ユerglCneurO‡1Sint壬1eprOSeユ1Cepha－
10n（わrebrain）aregenera11y classi缶edintothe
払110Wlngthreegroups：tbe pr（刀eCtion缶om the
medialseptalnucleusand thenucleus ofthe
Verticallimb（diagonalband of‡きroca）totbe
bippocampusviathefimbria fornix；thepr（力ection
鉦om thenucleusbasalisofMeynert（Itaccounts
ぬr70－80％of thecbolinerglCinnervationstothe
COrteX．OtherlnputtO thecortexcomes 鉦om
neuronsintbemidbrain reticular system andthe
dorsolateralpotinetegmentum）（Vincent，Satoh，
Armstrong＆Fibigeち1983）；andtheinterneurons
inthest‡・iatum．
CentralactionsofACh are mediatedby both
muscarinic and nicotinic receptors．Muscarinic
receptorsare prominent comparedto thenicotinic
in the centralnervous system．Muscarinic
receptors activationcauses bothexcitatory and
18
inhibitory
e任ectsare
muSCarlnlC
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e庄ectsintbeCNS yet theわrmer
more predominant．Excitatory eだects of
receptor activationare asfo110ⅥrS：Ⅹ
COnductancesdownin postsynaptlCneurOnS Of
WidespreadbrainreglOnS；GABAerglCinhibitions
downinpresynaptlCne11rOnS Ofthe hippocampus；
払cilitationof NMDA receptorsin postsynaptlC
neurons of the hippocampus；andenhanced
ephapticinteractionsinthe hippocampus．Inhibi－
torye鮎cts of muscarinic receptor activationare
SuggeStedas follows：Kconductances upin
postsynaptlC neurOnSinthebrainstem；Glutamater－
gicEPS‡）s downinpresynaptic
hippocampus；andCa current
hippocampus（whetherpre－O
unknownyet）．Onthe other
nicotinic receptor activationis
neurons ofthe
doⅥrnin tbe
post－Synapticis
band，ef絶ctsof
not elトi vesti－
gated，yet SO払rtheyare presumedto bemainly
excitatory and supposedas follows：nOn－Selective
Cationic conductances upin postsynaptlCneurOnS
Ofthesplnalcord andbr instem；andglutamater－
glCEPSPs upin presynapticneurons of the
hippocampus（Krnjevic，1993）．
A possibleinvolvement ofthebraincholineト
glC SyStemSincognltlVe prOCeSSeShas been
SuggeSted since memoryloss of patients with
AIzheimer’s diseasewas foundto show cholinerglC
hypofunction．PatientswithAIzheimer’s
ShoⅥrbypofunctioninacetylcholinesterase
activit沸Cholineacetyltransferase（CbAT）
andhigha放nity cholineuptake（HACU）
Bigl，瀧nnstedt＆Arendt，1985；Coyle，
disease
（AChE）
activit沸
（Arendt，
Price ＆
DelノOng，1983）．SincetllerepOrtS，a Substantial
bodyof studieshave beencarriedout with
humansto show that thecentralcholinerglC
SyStemS play criticalrolesinlearnlngand memory
prOCeSSeS・
1．匠a㌻‡y＄紬d毒e＄0閃督M約6宅妻⑳悶⑳官b㌢ai門
Cわ⑳書畜門℡㌻g】CSy＄奄¢mS
取om thebehavioralaspect
techniques，deたcits 払1lowlng
nucle11SbasalisofMeynert（the
majorcholinergicpr句ections）
employlnglesion
lesi nsoぎ the
nucleiorlglnS Of
are babituation，
Classicalconditioning，discrimination（tasteaver－
Sion），paSSiveand active avoidance，Spatial
alternation，delayedmatchingto sample，T－maZe
alternation，CrOSSmaZe，StOne maZe，radialarm
maze，holeboard foodsearch，Morriswatermaze，
andtimedconditionedr sponding（Delくkeret alリ
1991）．Thus，1esionof the nucleusbasalisof
Meynertproduces variousiくindsoflearnlng
de缶cits．HoweveI；Studiesescribedaboveare
basedon electrolytlCOr radio鉦equencylesionsthat
itsnon－Selective e庁ectson other neurotransmitter
SyStemSare SpeCulated．Thus，StudiesわcuslngOn
thebraincholinerglC SyStemS gradua11y shiftedto
theuse of neurotoxic excitatory amino acids such
as ibotenicand kainicacids．HoweveI；these
ChemicaltooIs alsoca汀y dangerto producenon－
Selective e鮎cts．T壬10ughibotenicandl柑inic acids
destroyneuronalperikaryat thelI七ectionsite
anddo not a丘ectheelements passlngtbroudl
tbearea，Wbich alsomeans that thesedrugshow
non－Selective e鮎ctson o ber neurotransmitter
SyStemS Withinthei軸ectionsite exceptfortbe
neurons passlngtbere．Furthermore，higherdoses
Ofkainica idintohenucleusbasalisofMeynert
Can damagethearea surroundingt‡1eVentraland
medialglobus paliidusas wella thecholinerglC
Cells withintllenuCleusbasalisof Meynert
（Salamone，Beart，Alpert＆Ⅰversen，1984）．Thus，
drugsto produce selectivedecreaseon the brain
CholinerglC
aziridinium
developed．
also carry
neurOnS．
SyStemS
activlt沸 SuChas ethylcboline mustard
ion（AF64A）and192IgG－SapOrinwere
HoⅥ7eVeちtheseselectivetoxic drugs
danger女）ritsselectivltyOn CbolinerglC
Thus，Studieson thebraincbolinerglC
Shouldbe discussedclosely since
accumulatedstudieshaveemployed variousiくinds
OfcholinerglClesiont chniques thatmigbtbenon－
Selectiveto other neurotransmitter systems．
2．Toxi門admi門i＄宅ra毛ion
2．j．gg砂むゐ♂肋g〝‡〟ぶgαr♂α若かg滋〝ね椚わ招
卵ダ鈎ぎノ彩
EthylcbolinemlユStard aziridinium
isa cholinerglC neurOtOXintha has
a strongtoolわra selectivelesion
neurons・Though tbereare reports
on（AF64A）
beenusedas
On CholinerglC
St唱geStingits
non－Selective e鮎cts withdoses hich werelater
assumedbyIianin（1990）tobe higherthan the
Verylimitedrage ofdosethatcouldbeselective
（nsheちMantione，Abraham＆ Hanin，1982；
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Mantione，Zigmond，Fisher＆Hanin，1983），itcan
be a selectivedrug forcbolinerglC neurOnSifits
doseand volumeare approprlate．AF64Adoesnot
passthroughbloodカrain barrieI二 There女）re，itis
necessarytobei‡カecteddirectlylntOtbeCNS．As
mentioned above，AF64A’s e庁ects varydepending
Onits dose，VOlume，andbrainreglOntO be
lrりeCtedso that theseねctorsare determined
Carefullybasedon
AF64A’safFinityto
high（Hanin，1996）
thatitis qulte
antecedent ofACh．
elaborate pilot experiments．
Choline tlptake sitesis quite
duetoitschemicalstructure
Similarto thatof choline，
Ifits doseis
betakenintolowa放nity choline
isnotinvolvedinthesynthesis
Can be non－Selective．There女）re，
that thedrug beadministeredin
doseto be takenonly缶omhigh
h ghenot唱hto
uptake sitethat
OfACh，AF64A
itisn cessary
an approprlate
a払nity choline
uptake siteto make selectivelesionson
cbolinerglC neurOnS．AF64ÅstoxicefFectis
alleviated andinhibitedby a selectiveblockerof
HACU，hemicholimium－3（HC…3），Whichdemon－
stratesthatAF64A sboⅥrSits e庁ect viaHACU．
Hanin（1996）reportedthatAF64Åseだectcan be
observed魚・Om48hraftertreatment．Neurochemi－
cale洋ects ofAF64A on thebraincholinerglC
neurons are complex．If administeredintorat’s
ventricle，ChAT andAChE activitiesdecreasein
the hippocampus，Whereas thoseactivi ie inth
septumincrease・AChEactivitiesare not altered・
伽o nmol of
resultedinas
observedin
treatmentbut
norma11evel
Striatum，in
approximately
AF64Aintothe rat’sventricle
lO timesofACbE mRNAlevelas
normalrats 7 daysafterthe
thelevelofmRNA fallsto the
in 2 months．Intheseptum and
contrast，AChE mRNAlevelis
80and67％to normalrats7days
afterthe treatment，reSpeCtively．Besides，the
leveldoesnot falleven 2months afterth
treatment．Thedi任erenceofthemRNAlevelsis
explainedthatranscrlptlOnOfAChE andChATis
impairedintheseptumthatAChlevelinthe
hippocampus decreasesas a con equencedueto
tbeneuralpr（カectionof cbolinerglC neurOnS鉦om
theseptumto tbehippocampus（Hanin，1996）・
Since AF64Aisa ensitivetoolin thesenseit
miめtdestroy braintissueswhenits
doseand
volume areinapproprlate，AF64Ahas been
1Ⅰ勺eCtedintheventricle within which cerebrospト
nal凸uid（CSF）helpsdi軌1Sionfthedrug．
Ⅵも1sh，Ⅵ1son，Dehaven，Mailman，Fisher＆
Han n（1984）investigatedtheefFect ofAF64Aon
theacqulSltlOn Ofthestandard radialmazetask．
Consequently，AF64Ai‡カectionintoth rats’
ventricleincreasedtrialsto criterion anddeterio－
ratedthecorrectchoicerate comparedto the
COn rOlanimals．Ja汀訂d，Kant，Meyerhoだ＆Le叩
（1984）measuredworking and referencememory
COmpOnentS．First，animalswere trainedin the
radialmazetaskinwhich spatially缶Ⅹedfourarms
Were baited throughotlt trials．A氏eracqulrlngthe
task，AF64AwaslI勺eCtedintotherats’ventricle
andthen testedon thesame task．Animals treated
WithAF64Ashowedbothworking memoryerrors
to enterpreviously chosenarms and reference
memory errors to enter nonィewardedarms．
Chrobak，Hanin，Schmechel＆Ⅵ払1sh（1988）
如rtherinvestlgatedtbeseworki一喝 and re始rence
memorycomponents．AnimalsⅥrere glVenlhr
delay between fourthand fifthcboiceinthe
standard radialmazetask．A氏eracqulrlngthe
task，AI？64AwasiI七ectedintorats’ventricle and
then testedin thesame task．AF64A treated
animals couldn t avoid enterlng preViouslychosen
arms priorto a delay（workingmemoryerror）‥鮎
thesame time，theseratswere testedon thenon－
matchingto
whose虫ve
COnfiguration．
impaired in
lIカectionof
impalrment
COmpOnent，
perbrmance
matchingto
Opello，
investlgated
Sampletaskuslngtheradialmaze
arms wereremovedto make a T
AF64A treatedanimalswere not
the task．Thus，intraventricular
AF64A caused workingmemory
Withoutimpalrlng reference memory
Whichisupposedtobe necessaryln
of simplediscriminationask（non－
Sampletask）．
Stackman，Ackerman＆Ⅵね1sh（1993）
th e＃ectofintraventricularl軸ection
ofAF64Aon theMorriswatermaze task．In the
task，thestandard procedurein whichhidden
platformwas set atspatiallyfixedposition
tbrougbouttrialsandthecued procedurein which
escapable plat払rmwas attachedto a visualcue
were assignedto animals・AF64Atreatedanimals
tooklonger time toムndbiddeescapableplatbrm
inthestandardtask．Incontrast，those animals
were notimpairedinthecu dversion ofthetask・
20
Similarresultsare reported
Jamsin，Gobert，Hanin＆
AF64Ainducedimpalrment
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by Goweち Rousseau，
Ⅵblfert（1989）tbat
isnotlimitedto the
radialmazeb havior butgeneralin spatialtasks・
Intraventricularlrづectionof AF64A mainly
a庁ectsthesepto－hippocampalcholinerglCneurOnS
（Fisheちet al．，1982）．The虫ndingsabove suggest
thatthe septo－hippocampalcho inerglCSyStem
playsa criticalrolein spatiallearnlr唱．態t，Since
itwasi由ectedin
thatAF64A had
brainto showtbe
closer examination
theventricle，itis presumable
di軌1Sedthroughout thewhol
eだectsdescribedabove．′払a
Of cholinerglC neurOnSin eacb
reglOn OftheCNS，directadministration ofAF64A
intothehigblyresponsible area払rlearnlng and
memory suchas tbe hippocampusandstria紬mis
necessary．Howeveちdirectadministrationech－
nlquehasnotbeencompleted yet with regardto
itslI勺eCtion doseand volume，SO Onlya few
Studies adaptedthe technique．R）reXample，Bail沸
0verstreet ＆Crocker（1986）i‡カectedAF64A
directlyinto thehippocampusandbundthat the
druglmpaired bothacquisition and retention ofthe
passive avoidancelearnlng．As良）r
howeveちmOSt Studies withd rect
technique focusedon motor or
鮎nctions（Sandberg，Hanin，Rsher＆
Sandberg，Sandberg ＆ Coyle，1984；
thestriatum，
administration
motivational
Coyle，1984；
Stw rtka ＆
01son，1986；Dawson，Dawson，Rlloux＆Ⅵなmsley
198B；Meana，Jobansson，Herrera－Marscbitz，0’Con－
noち Goiny，
1992；Zhou，
regardless of
demonstrated
Pa沌inson，取edilOlm＆ Ungerstadt，
brainre酢OnS
necessaryto
Zbang，Connell＆Ⅶeiss，1993）
itscriticalrolesin cognitivefunct on
intissuelesionstudies．Thereわre，
COntainlng CholinerglCneurOnS are
beinvestigatedmploylngthe
tecbniqueofdirectAF64Ai‡七ection．Tbenagaln，
1njectiondoseofAF64A shouldbe determined
Care良111y
Thus，Kobayashi（2000）employedthe tech－
nlque OfdirectAF64Ainjection，andねund that
botbstriatalandhippocampaliI勺eCtionsofAF64A
impairedtheradialarmmaze behavioこInaddition，
thereduction ofthestriatalAChresultedinan
impairmentinegocentriclocalization（EL）behavior
Which appearsto be mainlydueto thede畠citin
encoding oftileEL－taSl（－SOlvingstrateg洪Wbereas
tbereductionf hippocampalAChleadto a
seriousimpairment ofallocentriclocalization（AL）
behaviorwhicb may result壬romtheddicitin botb
retrievaland encoding ofthe Aしtask－SOlving
trategy（KobayashiandIwasaki，2000）・ELis
illustratedas a spatiallocalizationtechniqueto
localize
hemselvesdependingon
whereasAL isthe
themselves
Based on
prOCeSSlng
localization，
glC SyStemS
regardless of
animals’body position，
techniqueto localize
theirbody position．
the ideathat
of EL and
parallelin払rmation
AL supportspatial
bestriatalandhippocampalcholiner－
appearto functionsimultaneouslythat
eachfunctionfbothsystemsisindispensablefor
an e放cient performancein spatiallocalization．
2．2．ぜ92な払ぶ轡〃タ・g招
Recently，animlnunOtOXin192IgG－SapOrinis
employedtodestroythebasalforebraincholinerglC
SyStemS．192IgG－SapOrinistaken缶omp75－nerVe
groⅥrthねctor receptorsby endocytosis and shoⅥ7S
itstoxice鮎cta氏eraxonaltransport．Howeveちits
selective eだectislimitedto tbebasalforebrain
CholinerglC SyStemS Since p75－nerVe grOWthねctor
receptorsare not foundinthestriatum andthe
nucleusaccumbens（Pappas，Davidson，Fbrtin，
Na11atbamb沸 Park，Mohr ＆Wile洪1996）．Its
Selectivity and eだectsare quitehighthatalarge
bodyof studieson thebraincholinergic久1nCtion
inlearnlngandmemoryil那ebeen
With 192 IgG－SapOrin．Dornan，
Ⅵnkleち Hickman，Bannon，Decker
（1997）investigated†leだect of192
carriedotlt
McCampbell，
＆ Gunther
IgG－SapOrin
1Ⅰ勺eCtioninヒOthe medialseptalarea，nuCleus
basalismagnocellularis，andbothtwo reglOnSOn
theMorriswatermaze and radialarmmaze tasks．
They女）unda mildimpalrmentinheradialmaze
behavior butnoimpalrmentintheMorrisⅥrater
maze behavio王二Janis，GlasieちFulop＆Stein（1998）
reportedthatintraseptallnjectionsof192IgG－
SapOrin resultedindeficits forstrategy selection
inspatialmemorytasks．Animalswere trainedon
払e standard radialmazetaslくand thenglVen
温和eCtions oftbedrugintothemedialseptumand
Verticall mb ofthe diagonalband．Animalswere
thenretested postoperativelyon theradialmaze
task・Consequentl沸animalsiIカectedⅥrith192IgG－
SapOrininthemedialseptumwereimpairedin
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allocentric strategleSOlocat thespatialgoal．In
addition，those septallesioned animals showed
egocentric strategylnth Morriswatermaze that
WaS 如rthertested．Leanza，MartinezSerrano＆
Bjorklund（1998）also女）undal nglasting，
Substantialimpalrmentinboththeacquisition of
Spatialreferencememoryin theMorriswater
maze taskanddelay－dependentshort－termmem－
Ory performanceindelayedmatching－tO－pOSition
task in rats iI七ectedwitb192IgG－SapOrin
intraventricularlyJohnson，Zambon＆Gibbs（2002）
also reportedthatselectivelesionof cholinerglC
neuronsinthemedialseptumby192IgG－SapOrin
resultedinimpalrmentina delayedmatcbingto
position（DMTP）taskusingT－maZe・MaleSprague－
Dawleyratswere trainedina standard matching
to position paradigm where animalsare requ red
tochoosetheidenticalarmas theone‘chosen’in
a わrcedchoicetrialonT－maZe．Priorto the
bebavioraltestlng，animalsu derwent surgeryfor
192IgG－SapOrin treatmentsinwhich eitberlower
（0．22／ノg）orbigher（1・0〃g）doseof thedrug
waslnjected．Intheforcedcboicetrial，animals
hadonlyto chooseone
becauseonlythebrced
andtheotherarm was
dooこ Thenanimalswere
arm out of
‘cboice’arm
closed Ⅵritha
returnedto a
two arms
WaS Open
guillotine
Startaエーm
to makethesecondchoice（testrial）wheretwo
choicearms were open．Animals received8trial
palrSper day As a result，192IgG－SapOrin
impairedtheDMTP acqtlisitiondose dependently・
DMTP taskcan be consideredas a spatial
working memorytask，in thepolnthatanimals
are requiredto rotateti－emSelvesb tweenthe
brcedand test trialstlSlngeXtramaZeVisual
stimulus and working memory，SOthesestudies
suggest hat thebasalforebraincholinerglC
systems playa criticalroleinspatialworking
memoryOn tbeotherhand，thereis
a reportthat
192IgG－SapOriniI七ectionresult dinno cognltlVe
impalrment・Chappell，McMahan，Chiba＆ Gal－
1agber（1998）investigatedthee鮎ct ofintraseptal
lnjectionof192IgG－SapOrinon thespatialworking
memorytaskuslngthe radialarmmaze andfound
noimpalrment COmparedto thecontrolanimals
even whendelaysranglngなom60sto8br were
imposedwithina trial・
Thus，therehas been both findingson the
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eだectof192IgG－SapOrinlI勺eCtionsuggestlngnO
Or i derimpalrment and seriousimpalrmentSin
Variouslearnlng Situations．Here，it shouldbe
notedthat theeだect of192IgG－SapOrinislimited
to tbe
SyStemS
are not
SyStemS
basal女）rebrainlesionand cholinerglC
intbestriatum and nucleus accumbens
destroyed．ItispresumedthatcholinerglC
如nctionina complementarymanner
among severalreglOn－involved cholinerglC SyStemS
aslearnlngtaSksbecomemore complex．The
Morriswater maze and radialarmmaze tasks
may requlreplurallearnlng如nctions suchas EL
andAL as describedpreviously，Spared compensa－
torytasksolvingstrategymighthelp erformthe
taskwitho t seriousimpalrment．Thus，thoseno
Or milderdeムcitsmayhave beenobservedin such
tasks．Anothersuggestionisthat thecholinerglC
SyStemSinthebasal女）rebrainppearto be
regulatedby GABAergicand glutamaterglClnputS
（Pepeu＆Blandina，1998）andcognitive如nctions
as spatialworkingmemory are not seriously
impairedaslongas a partofinteraction among
pluralneurotransmittersys msis spared．Re－
Cently，GABAerglC SyStemSinthebasalforebrain
havealsobeenthe 女）CuSregarding cognitive
如nctionsrepresentedby spatialworking memor洪
it may be tbatnon－CholinerglCSyStemS also
contributeto thespatialperformance eitberin
essentialor compensatory way192IgG－SapOrin
treatmentdoesnot a鮎ctlevels ofGABA and
glutamate wbenl‡勺eCted withan appropriatedose，
soit may alsoccountforthepreviousno or
milderde畠cits．
3．L岳9amdadmini＄忠r急患i¢門
Gammon ＆Thomas（1980）investigated
e鮎ct of cholinerglCagOnist physostlgmine
enbance centralcholinergictonebyinhibiting
catabolic enzymeACbE andわund thatone
activeavoidancelearnlngWaS ねcilitated
the
bat
the
Way
by
physostigmineinjection．Meyers＆Domono（1964）
1rりeCted muscarinicreceptor antagonist scopola－
mine and女）undthathe druglmpairedspontane－
ous alternationinthepassive avoidancelearnlng・
Wbitehouse（1964）払undthatmuscarinic receptor
antagonist atroplneimpairedthe continuous
discriminationlearnlng．ScopolamineⅥraS 血rther
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testedbyⅦatts，Stevens＆Robinson（1981）that
theantagonisthaditse任ectindecreaslngCOrreCt
Cboicesand retardedlearnlnglnaCqu SltlOn Ofthe
radialmaze tasi（．
impairedretention of
maze task（Hiraga＆
novel muscarinicM2
机1rthermore，SCOpOlamine
thestandard8－armradial
Iwasaki，1984）．Recently；
receptor antagonist，SCH
57790was foundtoincreaseACh releaseinthe
CNS andimprove cognitive performance．Care沸
Billard，BinchⅢ，Coben－Ⅶi11iams，Crosby；Grzelak，
Guzilく，Kozlowski，LoⅥre，Pond，「托desco，鞄tkins
＆ Co放n（2001）reportedthatSCH 57790（0．ト
10mg推g，p．0．）produceddose－dependent ACh
releaseinthehippocampus，COrteX，andstriatu，m，
and evenlowerdose（0．003－1．Omg稚g）oft‡le
drugimprovedperformance of passive avoidance
learnlnglnratS．The apparatus consisted ofblack
and clearchambers
幻00rOftheblack
Sbock generatoェIn
placedinthelight
COnneCtedby a doorwayanda
Chamberwas connectedto a
be tralnlngSeSSion，ratSWere
Chamber and enterlngth dark
Chamber resultedinan electric shock．恥enty－bur
hrlateI；thetime foreach animaltomove 免・om
thelightchamberintothedarkcbamber（step－
througblatency）wasrecorded．SCH57790sig－
nificantlylnCreaSedthemean step－throughlatency
Whether glVenbeforeof afterthe trainingsession．
Similarresultswere obtainedintbesame study
thatSC壬i57790improvedcognitive per女）rmanCe
employingworking：memOry OperanttaSk（畠Ⅹed
ratiodiscriminationwitbtitratingdelay）insquirrel
monkeys，SuggeStlngthatM2 reCeptOrblockade
improvescognitive performance．
Theseseries ofpharmacolo由calstudieshave
provided evidencethat tbebraincholinerglC
SyStemS，althoughnot speci丘ed there即On
involved，playlmpOrtantrOlesin certaintypesof
learnlngandmemoryThe山nctionsubservedby
the braincholinerglC SyStemSis stillunder
COntrOVerSyThey may be one or more of
disruptionofbehavioralinbibition，WOrkingmem－
Or洪 reference memor洪attention，mOVement and
StrategySelection，and stimulus processlng・
HoweveちDunnett ＆Rbiger（1993）pointedout
thatitis virtuallyuncertaintbatcholinerglC
mechanisms areinvolvedina disparatevarietyof
the CNS functionsand thatantトmuscarinic
inducede鮎itsare multiplydetermined，Since
CholinerglC neurOnSinnervate virtuallyth entire
neur弧is and muscarinicreceptorsare also
distributedtbrolユgbotlt theCNS．Tberebre，tho11gh
muscarinic agentscan undoubtedly a庁ectthe
acquisition and performance ofa broadspectrum
Of acquiredb bavi叫CholinerglCanatOmyindicates
thatattemptsat unitaryaccountsregardingthe
basisof such e鮎ctsannotbe justi丘ed．Thus，
Sincethe drugswere administered systemicall沸it
isimpossible tolocalize theresponsibl choliner－
glC neurOnSinthe brain 良）rtheselearnlng
behavioこ OneinterestlngStudyemploylngloca1
1igandadministrationechniqueisby Ragozzino
and Tzavos（2002）one鮎cts of scopolamine
lI勺eCtioni tothe dorsomedialstriatumon
cqulSltlOnOr reVerSallearnlngOf response
iscrimination．Theapparatus usedinthestudy
WaS a CrOSS－maZe．Intbe acquisition phase，
animalslearnedto make either right orleftturn
forlOconsecutivecorrectchoices．Inthereversal
learnlngphase，animalswere requiredto perform
the taskemploylngtheidenticaltaskolvi一昭
Strategy eXCeptthat theyhadto makea turn to
theoppositedirectionな m thatrequiredduring
theacquisitionphase・Eight／∠g Of scopolamine
produceda reversal（butnot acquisition）1earning
de良cit，SuggeStlnganinabilitytolearn theneⅥr
StrategyThus，mOre Studies employlnglocal
i 血sionstudiesare expectedto clarifyreglOn－
SpeCific cholinerglCfunctionregarding cognitive
prOCeSSeS．
4．A9ing
Geriatric diseasesaccompanythe declineof
CholinerglC aCtivities，Whichdrewinterestsof
researchersto accumulatefindingsshowing critical
roles of cholinerglC SyStemSinlearnlngand
memory Dekkeret al．（1991）summarizedthe
geriatric memorydys氏1nCtion basedon the
CholinergicilypOtbesisof geriatric memory払nc－
tion byBarutus，Dean，Beer＆Lippa（1982）as
払110WS：a decreasein ぬrebrainchol e聯C
parameterswa foundinpatients withAIzheimer，s
disease；pOStmOrtemanalysis oftbe brainsof
patients with seniledementiarevealeda eclinein
COrticalcholinerglCaCtivity whichcorrelated w血
earliermentaltest scores；Cellsin theNBM
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humanmay selectivelydegeneratein
Seniledementla；Similaritieshave
betweenthelearnlngand memory
seenin seniIedementiandthose
patients with
beenshown
impalrmentS
producesin
younghumansubjectsby anti－Cholinergicdrugs；
Cholinomimeticdrugs can
Capabilitiesin patients of senile
T壬1ereare mOre 点ndings
Show critical‡・01es ofthe
enbance memory
dementia．
uslng a王Iimalsto
braincholinerglC
SyStemSinlearnlng and memory．Agedice witb
impairedperformanceon theradialarmmaze task
ShoⅥ7eda s唱n泊ca壬1tdecreaseiilACbleveis
relatedto normalaglngintbe striatum and
hippocampus（Ikegami，Sbumiya＆ Kawamura，
1992）．Cholineacetyltransferaseactivity
CreaSedinthe verticaldi喝Onalband
dentategyrus，and striatum of aged
learnlng de缶citsinthe radialmaze
Hearns，1990）．FisheちChen，Gage ＆
was de－
nucleus，
ratswith
（Luine＆
Bjorklund
（1992）evaluatedtheperformanceintheMorris
WatermaZeinratswiththeage of3，12，18，24，
30 months andtbeirChAT activities and number
Oftheneuro－grOWth一転ctor（NGF）－pOSitiveneurons
in the medialseptum，Verticaldiagonalband
nucleus，nuCleusbasalismagnocel王ularlS，and
Striatum．Asa result，8，45，53，andmore than90
％ ofratswith12－，18－，24－，and30－mOntb－01d
ratsshowed retardationin per払rmance ofthe
task，and theseanimals’C壬IAT activities andNGぎー
positiveneurons were slgnificantlylowertban
thosewithno retardationinthe task．Dunbaち
Rylett，Schmidt，Sinclair＆Williams（1993）ねund
that tぬe壬ユippocampalChATctivity correiates witb
Spatiallearnl一喝in aged rats．Theytrainedaged
animalsin the Morriswater maze taskand
measuredCb〟r activities and uptakelevelsin
HACU site．Consequently，betterperformance
COrrelated withhigherCh〟r activitiesandhigber
uptakelevelsinHACU site・
Recentstudies
declineof cognltlVe
broaderspectrum of
Stemmelin，Lazarus，
investigatlngage related
p rformancefocusedon
neurotransmittersystems．
Kelche ＆Cassel（2000）
investigatedcholinerglCand monoaminerglC
changesinthecomparison of26－mOnth－Old and3－
month－01dLong－Evance ねmalerats・Behavioral
parameterwas also evaluated uslngtheMorris
water maze・Aged rats showed reduction of
Choline acetyltrans打erase－pOSitiveneuronsin he
nucleusbasalisof magnocellularisand triatum．
Aging also a庁ected concentrationsof ACh，
noreplnephrine and serotonininthe striatum，
SerOtOninintheocclpitalcortex，dopamineand
noreplnephrineinthe dorsalhippocampus，and
noreplnephrineintheventralhippocampus．The
托duction ofcbolinerglC markerandAChconcentra－
tionin thestriatum，aS Wellas concentration of
SerOtOnininthestriatum，SerOtOnin and norepト
nephrineinthedorsalhippocampus，nOreplneph－
rinein the 払）ntparietalcortex a王1d otber
functionalmarkerswere hownto havecorrelation
Withthewatermaze perbrmance．
These
levels ね1l
retardation
CholinerglC
畠ndingssuggestthat the良）rebrainACh
through喝1ng，Whichmay cause the
in performlng Spatia11earnlngtaSks．
SyStemSinthe hippocampal女）rmation
and striatumare assumedto playa criticalrolein
Spatia11earnlng SuChas the radialarmmaze
behaviorandtheMorriswatermaze behavioちSO
CholinerglC SyStemSintbe forebrainare assumed
to play
ofthese
ofbrain
without
COgnitive
Criticalrolesin spatiallearnlng，yetmOSt
茄ndingsonly suggestedth involvement
CholinerglC SyStemSin cognitive processes
SpeCifyingbrain
de茄citshrough
tantalterations of various
i severalbrain regiOnS，
reglOn．In addition，
aglnginvolveconcomト
neu ochemicalsystems
SO C oser experimental
Studiesare necessaryto clarify speci良c cholinerglC
如nctionsincognitive process regarding eachbrain
reg10n・
5－ Func忠io門0督ex帥ns岳c a門di門をr竜nsic
Cわ0宅iner9‡CneurOn＄
The possibility ofbe dissociable免1nCtionsof
thebraincholinerglC SyStemS COuldbe elucidated
by the 払nctionaldissociationofintrinsic and
extrinsic cholinerglC neurOnS．Asわrtbehippocam－
palsystems，thesepto－hi押OCampalcholinerglC
prqjectionbas drawnmaJOr attention witbregard
tolearnlngand memory九1nCtions・Mostf he
hippocampalcbolinerglC terminalsoriginateinthe
medialseptum－diagonalbandcomplex，butsome
conceivabiy may orlglnate丘om theintrinsic
cholinergicneurons（Amaral＆Kurz，1985）based
onimmunohistocbemicalstudies．1ゐnder Zee ＆
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Luiten（1999）hypothesized，aCCOrdingto the
COmputationalmodelof‡寸asselmo（1995），thatACh
払nctionsa a modulatorregulatingthelevelof
intrinsicallyor ginatingversus extrinsic originatlng
Signaltransduction（i．e．signaltransductionarising
丘omlocalcircuitsversus afFerent，aSCending
pr（わectionnuclei），andswitcbingthe hippocampus
and neocortexなom recall（retrieval）tolearning
（encoding）mode，reSpeCtively．
CbolinerglCneurOnS in the
neocortexbothcontributeto
and couldbe di鮎rentiatedwith
Tb ysuggesthat
hippocampusand
Spatiallocalization
regardtolearnlng
（encoding）andrecall（retrieval）processes．The
hypotheticaldynamicsre as良）110WS：aStatein
Which newinformationis
levelofextrinsic cholinerglC
Whichtbis in女）rmation is
Cal枇etrieval（highactivity
Cholinergic畠bers）．Theway
StOred（highactivity
五bers）anda statein
reactivatedforre－
1evelof intrinsic
ACh exertsa shift
towardslearning（encoding）isbyinhibiting
transmitterr leasefねmintrinsic，10Calムbers
tbroughactivation oftheirpresynaptlC muSCarinic
ACh receptors，and activatlng pOStSyエーapticmuscaト
inic ACbreceptorson the targetn urons by
Whichinputtransねr 払）meXtrinsic茄bersis
ねcilitated．
On theotherhand，thereare many brain
reglOnSincluding choline瑠1Clocalcircuitneurons
SuChas thestriatum，nuCleusacc mbens，01払ctory
tubercle，amygdala，hippocampus，andneocortex
（Ⅶ001f，1991）andⅥ1n er Zee ＆Luiten（1999）
Claimedthatintrinsiclocalcbolinergic肋ersalso
playa criticalrolein memoryKobayasbiand
Iwasaki（2000）bundthat tbestriatalcholinergic
SyStem COntributesto acquisition processin
egocentriclocalization，SuggeStlngthatintrinsic
localcircuitof cholinerglC neurOnSinthestr atum
also play slgn泊cant rolesin certaink dsof
COgnitive processes．
6．8閃電e『aC宅io閃0官ÅG約wi納⑳奄わer
門eM㌻0奄㌻a門＄mi電電℡㌢＄y＄電℡m＄
Thereisalso growlng eVidence suggesting
thecriticalrelationshipbetween AChand other
neurotransmitter systemswith regardto memory
如nction（Levin ＆Rose，1992）．Theseptalar a
receivesdopaminerglC，nOradrenerglC，SerOtOnerglC，
and cholinergic aだerents免■OmS Veralbrainstem
StruCtureS（Costa，Panula，Thompson＆ Chene沸
1983；Lindvall＆Stenevi，1978；Mesulam，Mufson，
Ⅶainer＆Levey1983）andglutamate，GABA，DA，
noreplnepbrine anda few peptideshave been
SuggeStedto beinvolvedin thesep alregulation
Ofhippocampalcholinergicactivity（Costaet al．，
1983；Dekker ＆McGaugh，1991）．mrthermore，
Nilsson，Leanza ＆Bj6rklund（1992）suggested
tbatespecially catecholaminerglC and serotonerglC
SyStemSSubservea criticalrolein regulating septo－
hippocampalcbolinerglCaCtivltyNotewortbysug－
gestionon cholinerglCfunction is done by
Kr咄evic（1993）thatACh pl ysa criticalrolein
theinitiationoflong－termpOtentiation（Ⅰ∫P）．He
assumes the 女）110Wlngtbreedi触rentways
througbwhichACh a触ctsI∫P The 丘rstis
through theci101inerglC SuppreSSion ofK curre ts
thatoppose cellulardepolarization．Thesecondis
by the reduction ofinhibitory synapticlnputS；
most typesof stimulationhatactivate excitatory
lnput alsobringintoaction powerfulinhibitory
SynapSeS（througbfeedbackor feedforwardpatb－
WayS）．Thetbirdisa muscarinicfacilitationof
糊DA－eVOkedcurrents．Thus，bippocampalcho－
1inerglCSyStem may鮎nction underthei t action
With other‡1e11rOtranSmittersystems，
As わr tbestriatalcholinerglC SyStem，they
areintrinsicallyorganized（Ⅵbolf＆ButcheI；1981）
and bave drawnlittleattentioni terms of
learnlngand memoryRecentl沸 howeveち ACb－
dopamineinteraction has beenaわcus ofi terest．
Severalstudies havesuggestedtheinvolvementof
the nlgrOStriatalI）Apathwayinlearnlngand
memory processes（Carr＆ White，1984；Neill，
Boggan＆Gross‡nan，1974；Viaud＆Ⅶhite，1989；
White，1988；Ⅶhite＆Majoち1978；Zis，Fibiger＆
Philips，1974）．Thestriatum receivesdense
dopaminerglCinnervationsviathenlgrOStriatalDA
pathⅥra訪Originatinginbesubstantian gra（Moore
＆ 8100m，1978），StrOnglysug estingthat DA
SyStemSthrough thepathwaybeinvolvedin
iearnlngand memory．Consolo，Girotti，Zambelli，
Russi，Benzi，andBertoelli（1993）
the striatalcholinerglC aCtivlty
払cilitated bystimulation ofDl
inhibitedby directstimulation of
酌1rthermore，Zhou，Liang＆ Dani
reportedthat
is ind rectly
receptors and
D2 reCeptOrS．
（2001）report
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tbatnicontinic antagonistor deple ionof endoge－
nous ACh in thestriatumdecreasedvoked
dopaminereleaseby 90 ％，SuggeStingthat
CholinerglC SyStemSWitbinthestriatum playa
Criticalrolein regulatingdopaminereleaseinthe
Striatum．Thereare more studies stlggeStingthe
interactionofACh anddopamineinthestriatum
（Suzui（i，Miura，Nisbimura＆ Aosaki，200ユ；
払rtridge，Apparsundaram，Gerbardt，Ronesi＆
Lovingeち2002），SuppOrtingtbe dea tbatboth
Choiine曙1C anddopaminerglCSyStemSin 払e
Striatum contributeo certaintypesoflearnlng
and memory process．
戯由c〟ざざわ邦
Inthepresent review，Studieson thebrain
CholinerglC SyStemS regarding cognitiveぬnctions
areintroduced．It shouldbe notedhere tbatthe
braincholinerglC SyStemShav been discussed
Witb regardto theirolesintheprocessof
attentionor consciousnessas wellaslearnlng and
memory Tbe series of studiesbave beeユ1Carried
Out 良om pathologicaland psycbopharmacological
aspectinhuman．Perr沸 Ⅴね1keち Grace ＆ Perry
（1999）reviewedroles ofthebrainchoiinergic
SyStemSin consciousness．They suggestedtbat
thebrainc‡101inerglC SyStemS playa criticalrolein
Selective attention，Whichisan essentialcompo－
nent ofconscious awareness．Parkinson’sdiseases
include de茄citsinpedunculopontine（PPN）choliner－
glC aCtivity．Patients witbdementiawithLewy
bodiesalso sbow similarREM deficitsresulting
缶om PPNcholinergicbypofunction．Inaddition，
theyexperience visualhallucinations，andthe
hypo如nctionissuggestedto be associated with
redtまCtionsi ‡ユeOCOrticai ACbィelatedactivity．
AIzheimer’s diseasepatients also sbow explicit
memory andREM disordercharacterizedas
decreased REM durationand de sltyand
increased REMlatenc沸Whichmay resultfromtbe
basalforebrainACbィelatedneuropathologyThese
studiesⅥrere Carriedout basedon theidea that
thebraincholinerglC SyStemS playa critic lrole
as a neuromodulat拡Suchstudiesinvestigatlng
thebraincholinergicfun tionas aneuromodulator
are，howeveちyettO demonstrateⅥ7betbertbose
deficitsin selectiveattentionor conscious
awareness cause cognitived 良cits．Still，itis
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presumabletbat those de畠citsinon ciousness
a鮎ct v拡ious cognltlVeprOCeSSeS．
As 女）r Studieson tbe brain
SyStemS regardingtbeirfunctionson
processes，mOStissuessti11remain
regardlessofthe tremendousamount
exceptfortbe払ct that thebrain
CholinerglC
COgnitive
u certain
Of studies
CbolinerglC
SyStemS playsome rolesin v訂iousc gnitive
processes・Still，tbebraincholinerglCSyStemSare
nolonger regardedas aslnglefunctioncarrieちbut
pl叩rOまesdependingon specはc鮎nctions of each
reglOn Ofthebraineven thoughow AChsystems
are involved ineacb reglOn’s血1nCtionisin
question yet．One ofth recentquestionsis‡10W
theyareinvolvedin cognitive processes regarding
interactionswithother neurotransmitter systems．
Are theyssential良）r COgnitive processesor do
theyworkas aneuromodulatorthathelpsother
n urotransmitters suchas NMDA，SerOtOnin，and
dopamineina complementary manner？Allthese
questionsare stillunderinvestigation．Functionof
xtrinsicandintrinsicc lOline】溜ユCneurO】1S eSpe－
Ciallywithinthesepto－hippocampalpathⅥ7aylSOne
Oftherecentissues ofinterest．Itis presumable
thatpr由ectionsbetweenpluralbrainreg王0王1SSuCb
as thes pto止ippocampalprojectionplaya critical
rolein encoding processin memory and such
Studies uponinteractions amongvariousneurotrans－
mitter systemsbave beenaccumulated promptly
Attbesame time，itbas been demonstratedthat
localcbolinerglCinterneuronssuchas tbestriatal
CbolinerglCneurOnS playa criticalrolein certain
learnlngSituations，SOitis necessarythat the
braincbolinerglC SyStemSbeinvestlgatedadoptlng
Various experimentaltechniquesto clarify eacb
brainregユOn’scboline瑠icfunction．
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